IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



ZD 

GO 
00 

00 

CV' 1 ' ' J 1.1 

r i 

> 



APPLICATION FOR LETTERS PATENT 



Methods For Converting Reticle Configurations 



INVENTORS 

Randal W. Chance 
J. Brett Rolf son 
Azeddine Zerrade 



ATTORNEY'S DOCKET NO. MI22-2387 



Docket No. MI22-2387 

METHODS FOR CONVERTING RETICLE CONFIGURATIONS 

TECHNICAL FIELD 

[0001] The invention pertains to methods of converting reticle configurations 
so that reticles suitable for later generation (shorter wavelength) stepper radiation 
can be adapted for utilization with earlier generation (longer wavelength) stepper 
radiation. 

BACKGROUND OF THE INVENTION 

[0002] Photolithography is commonly used during formation of integrated circuits 
associated with semiconductor wafers. More specifically, a form of radiant energy 
(such as, for example, ultraviolet light) is passed through a radiation-patterning tool 
and onto a radiation-sensitive material (such as, for example, photoresist) 
associated with a semiconductor wafer. The radiation-patterning tool can be 
referred to as a photomask or a reticle. The term "photomask" is traditionally 
understood to refer to masks which define a pattern for an entirety of a wafer, and 
the term "reticle" is traditionally understood to refer to a patterning tool which 
defines a pattern for only a portion of a wafer. However, the terms "photomask" (or 
more generally "mask") and "reticle" are frequently used interchangeably in modern 
parlance, so that either term can refer to a radiation-patterning tool that 
encompasses a pattern for either a portion or an entirety of a wafer. For purposes 
of interpreting this disclosure and the claims that follow, the terms "reticle" and 
"photomask" are utilized with their modern meanings so that the terms 
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interchangeably refer to tools that encompass patterns for either a portion or an 
entirety of a wafer. Specifically, the term "reticle" will be used to generically refer to 
radiation-patterning tools that have patterns for either a portion of a wafer or an 
entirety of a wafer. 

[0003] Reticles contain light restrictive regions (for example, totally opaque or 
attenuated/half-toned regions) and light-transmissive regions (for example, totally 
transparent regions) formed in a desired pattern. A grating pattern, for example, 
can be used to define parallel-spaced conductive lines on a semiconductor wafer. 
As discussed previously, the wafer is provided with a layer of radiation-sensitive 
material (such as, for example, photosensitive resist material, which is commonly 
referred to as photoresist). Radiation passes through the reticle onto the layer of 
photoresist and transfers a pattern defined by the reticle onto the photoresist. The 
photoresist is then developed to remove either the exposed portions of photoresist 
for a positive photoresist or the unexposed portions of the photoresist for a negative 
photoresist. The remaining patterned photoresist can then be used as a mask on 
the wafer during a subsequent semiconductor fabrication step, such as, for 
example, ion implantation or etching relative to materials on the wafer proximate the 
photoresist. 

[0004] A prior art method of forming a reticle is described with reference to 
Figs. 1-5. Referring initially to Fig. 1, a construction 10 is provided. Construction 10 
comprises a substrate (or base) 12 having layers 14 and 16 formed thereover. 
[0005] Substrate 1 2 of construction 1 0 will typically comprise, consist essentially 
of, or consist of material substantially transparent to radiation which is ultimately to 
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be passed through a reticle formed from construction 10. Substrate 12 can, for 
example, comprise, consist essentially of, or consist of quartz. 
[0006] Layer 14 of construction 10 comprises a material which attenuates 
radiation passed through a reticle formed from construction 10, and can be referred 
to as a radiation-attenuating layer. The material utilized for layer 14 will typically 
vary depending on the wavelength of radiation which is to be passed through the 
reticle. Typical materials consist essentially of, or consist of, MoSi, TiN, ZrO, SiNO, 
and TaHf, with the compositions being shown in terms of the elements contained 
therein rather than in terms of a particular stoichiometry of the elements. 
[0007] The reticle formed from construction 10 will typically be fabricated to be 
utilized with either 157 nanometer wavelength radiation, 193 nanometer wavelength 
radiation, 248 nanometer wavelength radiation, or 365 nanometer wavelength 
radiation. The material utilized in layer 14 will typically be MoSi if the reticle is 
fabricated for utilization with 193 nanometer technology, and can be a different 
material if the reticle is fabricated for utilization with other technologies. 
[0008] The specific wavelengths utilized with reticles correspond to specific 
wavelengths that can be generated with particular lasers. For instance, 193 
nanometers corresponds to a wavelength which can be generated utilizing an ArF 
laser. The 157 nm, 193 nm, 248 nm and 365 nm technologies correspond to 
specific generations of radiations corresponding to specific generations of 
photolithography, with each subsequent generation being a shorter wavelength than 
the previous generation. A common tool utilized in photolithographic processing 
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with reticles is a stepper, and the various generations of radiation are sometimes 
referred to as generations of stepper radiation. 

[0009] Layer 16 of construction 10 typically comprises a material which is 
substantially totally opaque to the radiation which will ultimately be passed through 
a reticle formed from construction 10. Layer 16 will usually comprise chromium, 
and can be referred to as a chrome layer. 

[001 0] A layer 1 8 is formed over layer 1 6. Layer 1 8 can comprise a material 
sensitive to laser radiation and/or e-beam radiation, such as, for example, a 
photoresist. The radiation is utilized to pattern layer 18. 
[0011] Referring next to Fig. 2, layer 18 is patterned into a series of structural 
elements 20, and the pattern from layer 18 is subsequently transferred to layer 16 
with a suitable etch. 

[0012] Referring to Fig. 3, layer 18 (Fig. 2) is removed, and the pattern from 
layer 16 is transferred to layer 14 with a suitable etch. 

[0013] Referring to Fig. 4, layer 16 (Fig. 3) is removed. The remaining portions 
of layer 14 shown in the Fig. 4 view correspond to structural elements 22 formed 
over substrate 12. Typically, the chromium-containing layer 16 would only be 
removed from over portions of substrate 12, and would remain over other portions. 
Such is illustrated in Fig. 5, which shows a top view of the reticle construction 10 at 
the processing of stage of Fig. 4. Reticle construction 10 comprises an outer 
periphery 24 and an interior region 26. The patterned portion of the reticle is within 
the interior region 26, where a series of patterned elements 22 are formed. 
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Chrome-containing layer 16 extends around peripheral region 24, yet has been 
removed from within interior region 26. 

[0014] The reticle formed in accordance with the processing of Figs. 1-5 can 
subsequently be utilized to pattern light during photolithographic processing. Fig. 6 
illustrates reticle construction 10 utilized in a photolithographic process. The reticle 
10 is shown inverted relative to the orientation of Figs. 1-5. Radiation 30 is shown 
passing through reticle construction 10, and a graphical illustration of the 
transmittance of the radiation through the reticle construction is shown beneath the 
reticle construction. Construction 10 is shown to comprise two types of regions with 
a bar provided between construction 10 and the graph of transmittance. 
Specifically, construction 10 comprises a first type of region 32 corresponding to 
locations where structures 22 of material 14 are present, and a second type of 
region 34 corresponding to locations where structures 22 of material 14 are not 
present. Radiation 30 passes only through substrate 12 in locations 34 of 
construction 10, whereas the radiation 30 passes through both material 14 and 
structure 12 in the second regions 32 of construction 10. 
[0015] The graphical illustration of transmittance occurring through various 
regions of construction 10 shows that approximately 100% transmittance occurs 
through second regions 34, and very little transmittance occurs through first regions 
32. The radiation passing through first regions 32 is shifted substantially out of 
phase relative to the transmittance through second regions 34 (i.e. is shifted by 
about 180° relative to the radiation passing through second regions 34). 
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[0016] Typically the transmittance through first regions 32 will have an 
absolute value of less than 10%, with about 6% being common. Since the radiation 
passing through first regions 32 is out of phase relative to that passing through 
second regions 34, the transmittance through first regions 32 is shown having a 
negative value in the graph of Fig. 6. Although negative values of transmission are 
shown in Fig. 6 to emphasize a phase difference of radiation passing through the 
first regions of construction 10 relative to the second regions, it is to be understood 
that typically the percent transmission is expressed as an absolute value. In an 
effort to avoid confusion throughout this document and in the claims that follow, the 
claims will utilize the term "absolute transmission" to indicate when an absolute 
value of transmission is referred to. Additionally, it is noted that the light-restrictive 
properties of a material can be expressed as attenuation rather than as 
transmission. For purposes of interpreting this document and the claims that follow, 
attenuation is defined as being 100 minus the absolute value of percent 
transmission. Accordingly, the regions 34 of Fig. 6 have an attenuation of about 0, 
and the regions 32 of Fig. 6 have an attenuation of approximately 94. The 
attenuation of patterned, partially transparent masks utilized in prior art reticles 
(e.g., the patterned mask of material 14 of construction 10) is typically greater than 
90%, and frequently is about 94%. 

SUMMARY OF THE INVENTION 

[0017] In one aspect, the invention includes a method of converting a reticle 
from a first configuration suitable for attenuation and approximately 180° 
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phase-shifting of a later generation (shorter wavelength) stepper radiation to a 
second configuration suitable for attenuation and approximately 180° phase-shifting 
of an earlier generation (longer wavelength) stepper radiation. The method can 
include reducing a thickness of a portion of a quartz-containing substrate of the 
reticle. 

[0018] In one aspect, the invention encompasses a method of converting a 
reticle from a first configuration suitable for a shorter wavelength of radiation to a 
second configuration suitable for a longer wavelength of radiation. The first 
configuration of the reticle includes a patterned material over a base. The patterned 
material overlaps first regions of the base and does not overlap second regions of 
the base. The patterned material has a lower transmission of the shorter and longer 
wavelengths of radiation than does the base. While the first regions of the base are 
protected with at least the patterned material, the thickness of the second regions of 
the base is reduced. The reduction in thickness of the second regions of the base 
converts the reticle to the second configuration suitable for the longer wavelength of 
radiation. 

[0019] In one aspect, the invention encompasses a method of converting a 
reticle from a first configuration suitable for 193 nm wavelength radiation to a 
second configuration suitable for 248 nm wavelength radiation. The reticle is 
initially provided in the configuration suitable for 193 nm wavelength radiation. Such 
configuration includes a quartz-containing material and a patterned layer consisting 
essentially of molybdenum and silicon over the quartz-containing material. The 
patterned layer overlaps first regions of the quartz-containing material and does not 
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overlap second regions of the quartz-containing material. The thickness of the 
patterned layer relative to a thickness of the quartz-containing material is such that 
a phase of 193 nm wavelength radiation is shifted by about 180° upon passing 
through the combined thicknesses of the patterned layer and first regions of the 
quartz-containing material relative to passing only through the second regions of the 
quartz-containing material. While the first regions of the quartz-containing material 
are protected with at least the patterned layer, the second regions of the 
quartz-containing material are etched with a dry etch to convert the reticle to the 
second configuration suitable for 248 nm wavelength radiation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Preferred embodiments of the invention are described below with 
reference to the following accompanying drawings. 

[0021] Fig. 1 is a diagrammatic, cross-sectional view of a construction shown 
at a preliminary step of a prior art method for forming a reticle. 
[0022] Fig. 2 is a view of the Fig. 1 construction shown at a prior art reticle 
fabrication step subsequent to that of Fig. 1 . 

[0023] Fig. 3 is a view of the Fig. 1 construction shown at a prior art reticle 
fabrication step subsequent to that of Fig. 2. 

[0024] Fig. 4 is a view of the Fig. 1 construction shown at a prior art reticle 
fabrication step subsequent to that of Fig. 3. 

[0025] Fig. 5 is a top view of a reticle comprising the fragment of Fig. 4 along 
the line 4-4. 
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[0026] Fig. 6 is a view of the Fig. 4 construction shown in combination with 
radiation directed toward the reticle, and further shown in combination with a 
graphical illustration of the percent transmission (%T) of the radiation through 
various portions of the reticle. 

[0027] Fig. 7 is a diagrammatic, cross-sectional view of a reticle fragment 
shown at a preliminary processing step of an exemplary aspect of the present 
invention. 

[0028] Fig. 8 is a top view of a reticle comprising the fragment of Fig. 7 along 
the line 7-7. 

[0029] Fig. 9 is a view of the Fig. 7 reticle shown at a processing step 
subsequent to that of Fig. 7. 

[0030] Fig. 10 is a view of the Fig. 7 reticle shown at a processing step 
subsequent to that of Fig. 9. 

[0031] Fig. 1 1 is a view of the Fig. 10 reticle shown in combination with 
radiation directed toward the reticle, and further shown in combination with a 
graphical illustration of the percent transmission (%T) of the radiation through 
various portions of the reticle. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0032] This disclosure of the invention is submitted in furtherance of the 
constitutional purposes of the U.S. Patent Laws "to promote the progress of science 
and useful arts" (Article 1 , Section 8). 
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[0033] The invention includes methods of converting reticles from 
configurations suitable for later generation (shorter wavelength) photolithography 
technology to configurations suitable for earlier generation (longer wavelength) 
photolithography technology. The trend in the industry has generally been to 
progress toward shorter wavelength photolithography solutions from longer 
wavelength solutions. In a sense, the present invention is a recognition that there 
can be advantages to proceeding along an opposite trend. One aspect of the 
invention is a recognition that reticles fabricated for the later generation (shorter 
wavelength) applications can be conveniently adapted for earlier generation (longer 
wavelength) applications, and that advantages can be achieved through such 
adaptation. The advantages can include, among other things, increasing an 
amount of transmission through out-of-phase regions of the reticle relative to in- 
phase regions of the reticle. 

[0034] An exemplary aspect of the invention is described with reference to 
Figs. 7-1 1 . Referring initially to Fig. 7, a reticle construction 100 is illustrated. 
Reticle construction 100 comprises several features in common with the reticle 
construction 10 described previously with reference to the prior art, and such 
features will be described with similar numbering in the construction of Fig. 7 as was 
utilized in describing the prior art constructions of Figs. 1-6. 
[0035] Construction 100 includes the relatively transparent substrate (or 
base) 12 described previously, the attenuating material 14 described previously, 
and the relatively opaque material 16 described previously. Substrate 12 can 
comprise, consist essentially of, or consist of quartz; layer 14 can comprise, consist 
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essentially of, or consist of MoSi, TiN, ZrO, SiNO, or TaHf (where the compositions 
are shown in terms of the elements contained therein, rather than in terms of a 
particular stoichiometry of the elements); and layer 16 can comprise, consist 
essentially of, or consist of chromium or chromium-containing materials. Layers 14 
and 16 are shown patterned into structures 122 which are analogous to the 
structures 22 described previously with reference to Fig. 4. 
[0036] The construction 100 of Fig. 7 is identical to the construction 10 
described previously with reference to Fig. 3, and can be formed utilizing the 
processing methods that had been utilized to form the construction of Fig. 3. 
Although the construction 100 of Fig. 7 is shown comprising only layers 14 and 16 
over substrate 12, it is to be understood that the construction can comprise other 
layers in addition to the layers 14 and 16. 

[0037] In particular aspects of the invention, layers 14 and 16 can be 
considered to be patterned materials. Layer 14 can specifically be considered to be 
a patterned material having a lower transmission of a particular wavelength of 
radiation than substrate material 12. Substrate 12 can be considered to comprise 
first regions 102 which are overlapped by patterned material 14, and second 
regions 104 which are not overlapped by patterned material 14. 
[0038] Reticle construction 100 will typically be in a configuration suitable for 
utilization with a particular wavelength of radiation, such as, for example, 157 
nanometer wavelength radiation, 193 nanometer wavelength radiation, 248 
nanometer wavelength radiation or 365 nanometer wavelength radiation; and in 
some cases the reticle construction can be considered to be optimized for the 
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particular wavelength of radiation. A thickness of patterned material 14 relative to 
the thickness of substrate material 12 will typically be such that a particular 
wavelength of radiation is shifted substantially out of phase (i.e., is shifted by about 
180°) upon passing through the combined thicknesses of patterned material 14 and 
first regions 102 relative to passing through the thickness of the second regions 
104. Such has been described previously with reference to Fig. 6 where a prior art 
reticle is described as having first regions 32 which are overlapped by patterned 
material 14, and second regions 34 which are not overlapped by patterned material 
14, and further where it is described that the first regions shift a particular 
wavelength of radiation by about 180° relative to the second regions. 
[0039] The wavelength of radiation which is shifted by 180° upon passing 
through the first regions relative to the second regions will be the wavelength of 
radiation for which the reticle is designed to be used with. Thus, if the reticle is 
designed to be used with 157 nanometer wavelength radiation, the first regions will 
shift the radiation about 180° out of phase relative to the second regions when the 
radiation comprises a wavelength of 157 nanometers, but not when the radiation 
comprises a wavelength corresponding to a different generation of photolithographic 
processing (such as, for example, a 193 nanometer wavelength, a 248 nanometer 
wavelength, or a 365 nanometer wavelength). The reticle of Fig. 7 can be a 
commercially available reticle in a configuration suitable for utilization with a 
particular wavelength of radiation. For purposes of the discussion that follows, the 
reticle of Fig. 7 can be referred to as a first configuration reticle, and can be 
considered suitable for utilization with a shorter (later generation) wavelength of 
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radiation to contrast the reticle of Fig. 7 with a construction formed from such reticle 
in accordance with aspects of the present invention. 

[0040] Fig. 8 is a top view of the construction 100 comprising the fragment of 
Fig. 7. Fig. 8 shows that the construction comprises the outer periphery 24 and 
interior region 26 described previously with reference to Fig. 5, and further that such 
construction comprises a plurality of patterned components 122 similar to the 
patterned components 22 described previously with reference to Fig. 5. The 
difference between the construction of Fig. 8 and that described previously with 
reference to Fig. 5 is that the patterned components 122 comprise upper surfaces 
of chromium-containing material 16, rather than comprising upper surfaces of 
material 14. The construction of Fig. 8 can be considered to correspond to a 
construction at the processing stage of Fig. 3, and represents a view which is not 
shown in describing the prior art. 

[0041] Fig. 9 shows construction 100 after the construction has been 
exposed to an etch which reduces a thickness of second portions 104 of substrate 
12. If the exposed surface of substrate 12 comprises, consists essentially of, or 
consists of quartz, a suitable etch can be a dry etch utilizing, for example, C 2 F 6 . 
The quartz etch can be a timed etch, with a typical time for an exemplary application 
in which about 600A of quartz is removed being from about 74 seconds to about 77 
seconds. 

[0042] An advantage of leaving chromium-containing layer 16 over material 
14 during the etch of substrate 12 is that is frequently easier to selectively etch the 
material of substrate 12 relative to chromium-containing material 16 than it would be 
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to selectively etch the material of substrate 12 relative to masking material 14. In 
the shown aspect of the invention, the substrate 12 has about the same thickness in 
first regions 102 relative to second regions 104 prior to the etch, and after the etch 
has significantly different thicknesses in first regions 102 relative to second regions 
104. Substrate 12 will commonly have a thickness of about 250 mils (0.250 inches), 
and the etch of second regions 104 will frequently reduce a thickness of such 
second regions by about 600A in applications in which construction 100 is initially 
configured for utilization with 193 nanometer wavelength radiation and is to be 
converted to a configuration suitable for utilization with 248 nanometer wavelength 
radiation. 

[0043] The first regions 102 of substrate 12 can be considered to be 
protected with at least patterned material 14 during the etch which reduced the 
thickness of second regions 104 of substrate 12, and in the shown embodiment are 
protected by both chrome-containing layer 16 and patterned material 14. 
[0044] Patterned layer 14 is shown to comprise an unaltered thickness in the 
processing which converts the construction 100 from the configuration of Fig. 7 to 
that of Fig. 9. Specifically, layer 14 has an elevational thickness 130 at the 
processing step of Fig. 9 which is the same as the elevational thickness of layer 14 
at the processing step of Fig. 7. The etch utilized to reduce a thickness of second 
regions 104 of substrate 12 may, as discussed above, be relatively non-selective for 
patterned material 14 relative to the material of substrate 12. In such instances, the 
etch can be conducted to be highly anisotropic so that the etch does not 
significantly alter patterned layer 14 along exposed sidewalls of the layer. However, 
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even if the etch does remove some of material 14 from along sidewalls of the 
structures 122, the etch will not significantly affect an elevational thickness of layer 
14 in aspects in which an upper surface of layer of 14 is protected by the chromium- 
containing material 16. 

[0045] Referring to Fig. 10, chromium-containing layer 16 is removed from 
over patterned material 14. Typically, the chromium-containing layer will be 
removed only from within an interior region of a desired construction (with the 
interior region being shown as 26 in Figs. 5 and 8) so that the chromium-containing 
layer remains around an outer periphery of the reticle analogously to the structure 
described previously with reference to prior art Fig. 5. 

[0046] The construction of Fig. 10 can be considered to comprise first regions 
150 and second regions 152. First regions 150 have a thickness corresponding to 
the combined thickness of patterned material 14 and first regions 102 of substrate 
12, while second regions 152 have a thickness corresponding to the thickness of 
regions 104 of substrate 12. 

[0047] The relationship between the thickness of regions 150 (i.e. the 
combined thickness of material 14 and thicker regions 102 of substrate 12) and the 
thickness of regions 152 (i.e., that the thickness of the thinned regions 104 of 
substrate 12) is preferably such that a phase of a desired radiation is shifted by 
180° upon passing through regions 150 relative to passing through regions 152. 
The desired radiation utilized with the reticle of Fig. 10 will typically have a longer 
wavelength than the radiation for which the starting reticle of Fig. 7 was configured. 
Accordingly, if the starting reticle of Fig. 7 was configured for 157 nanometer 
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wavelength radiation, the reticle of Fig. 10 can be configured for 193 nanometer 
wavelength radiation, 248 nanometer wavelength radiation, or 365 nanometer 
wavelength radiation. Alternatively, if the reticle of Fig. 7 is configured for 193 
nanometer wavelength radiation, the reticle of Fig. 10 can be configured for 248 
nanometer wavelength radiation or 365 nanometer wavelength radiation. As 
another example, if the reticle of Fig. 7 is configured for 248 nanometer wavelength 
radiation, the reticle of Fig. 10 can be configured for utilization with 365 nanometer 
wavelength radiation. 

[0048] The processing of Figs. 7-10 can be considered to have taken a reticle 
configured for utilization with a short wavelength radiation (a later generation 
photolithographic radiation) and converted the reticle to a configuration suitable for 
utilization with a longer wavelength radiation (or in other words, an earlier 
generation photolithographic radiation). 

[0049] An advantage of the processing of the present invention is described 
with reference to Fig. 1 1 . The reticle 100 of Fig. 10 is shown in an inverted 
orientation relative to Figs. 7-10, and is shown exposed to a radiation for which the 
reticle is configured (typically 193 nanometer wavelength radiation, 248 nanometer 
wavelength radiation, or 365 nanometer wavelength radiation), with the radiation 
being labeled as 160. The radiation passes through reticle 100 to form a pattern of 
transmission which is graphically illustrated on an opposing side of construction 100 
from radiation 160. The graph illustrates that radiation passing through regions 150 
of construction 100 is shifted substantially out of phase relative to radiation passing 
through regions 152. In other words, the radiation passing through regions 150 is 
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shifted by about 180° relative to the radiation passing through regions 152. The 
shift in phase of the radiation passing through regions 150 relative to the radiation 
passing through regions 152 will typically be from about 170° to about 190° (i.e. 
180° +/- 10°), and can be from about 175° to about 185° (i.e. 180° +/- 5°), and in 
particular applications will be from about 179° to about 189° (i.e. 184° +/- 5°). 
[0050] The patterned material 14 attenuates the longer wavelength radiation 
160 less than the attenuation which would occur if the material were utilized with the 
shorter wavelength for which the reticle of Fig. 7 was initially designed. Specifically, 
as described above with reference to Fig. 6, the patterned regions 14 will typically 
attenuate radiation by at least 90%, and frequently by 94% or more when the 
patterned regions are utilized with a wavelength of radiation for which a reticle is 
designed. However, as shown in Fig. 1 1 , when the reticle is utilized with a radiation 
having a longer wavelength than that which the reticle was initially designed for, the 
attenuation through patterned material 14 is less than 90% (shown by the absolute 
value of the transmission of radiation passing through regions 150 of construction 
100 of Fig. 1 1 being greater than 10%). 

[0051] In particular aspects of the invention, the attenuation of radiation 160 
through regions 150 will be from about 50% to less than 90%, even though the 
attenuation of the radiation for which the reticle was initially designed (i.e., the 
attenuation of the radiation for which the reticle of Fig. 7 was designed) would be at 
least about 90%. Accordingly, if the reticle of Fig. 7 were designed for 157 
nanometer wavelength radiation, and the reticle of Fig. 1 1 corresponded to the 
reticle of Fig. 7 converted through the processing of Figs. 8-10 to be suitable for 
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utilization with 193 nanometer wavelength radiation, the attenuation of the 157 
nanometer wavelength radiation by reticle of Fig. 7 would be at least about 90%, 
whereas the attenuation of the 193 nanometer wavelength radiation by the reticle of 
Fig. 1 1 would be from about 50% to less than 90%. Similarly, if the reticle of Fig. 7 
were initially configured for utilization with 193 nanometer wavelength radiation, and 
the reticle of Fig. 1 1 corresponded to a conversion of the reticle of Fig. 7 to a reticle 
suitable for utilization with 248 nanometer wavelength radiation, the reticle of Fig. 7 
would typically have an attenuation of greater than about 90%, whereas the reticle 
of Fig. 11 would have an attenuation of from about 50% to less than about 90%. 
Similar relationships of the attenuation of the reticle of Fig. 7 relative to the reticle of 
Fig. 1 1 can occur in converting a reticle configured for utilization with 157 
nanometer wavelength radiation to a reticle configured for utilization with 248 
nanometer wavelength radiation or 365 nanometer wavelength radiation; or for 
converting a reticle configured for 193 nanometer wavelength radiation to a reticle 
configured for 365 nanometer wavelength radiation; or for converting a reticle 
configured for 248 nanometer wavelength radiation to a reticle configured for 365 
nanometer wavelength radiation. Although the reticle of Fig. 1 1 can have an 
attenuation of less than 90% in various aspects of the invention, it is to be 
understood that the invention also encompasses aspects in which the attenuation is 
greater than 90% for the reticle of Fig. 1 1 , including aspects in which the attenuation 
is about 95% or higher. 

[0052] The attenuation of radiation 160 through regions 150 can alternatively 
be described as a transmission through regions 150. In preferred aspects, the 
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transmission of radiation 160 through regions 150 will be from about 1% to about 
50%. The transmission can be, for example, from about 8% to about 40%, from 
about 20% to about 40%, or in particular aspects can be about 28%. 
[0053] In an exemplary aspect, the reticle of Fig. 7 will be configured for 
utilization with 193 nanometer wavelength light, and will be configured so that a 
transmission through patterned masking layer 14 (in the absence of chrome layer 
16) will be about 6%, and reticle 100 of Fig. 1 1 will correspond to a converted reticle 
formed from such 193 nanometer reticle and configured so that transmission of 248 
nanometer wavelength radiation through regions 150 is about 28%. 
[0054] Among the advantages of the present invention is that converted 
reticles formed by the present invention can have enhanced transmission through 
out-of-phase regions relative to prior art reticles from which the reticles of the 
present invention are formed. It can be advantageous to have enhanced 
transmission through the out-of-phase regions in order to take advantage of various 
interference effects to reduce undesired anomalies during photolithographic 
processing. The prior art reticles typically utilize less than 10% transmission 
through out-of-phase regions. Reticles formed in accordance with methodology of 
the present invention can have greater than 10% transmission, and in some aspects 
much more transmission as discussed above, which can provide substantially more 
interference effects than prior art reticles. In particular aspects of the invention, the 
increased interference effects achieved with reticles of the present invention can 
provide advantages during photolithographic processing which cannot be achieved 
with the prior art reticles from which the reticles of the present invention are formed. 
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* 

[0055] In compliance with the statute, the invention has been described in 
language more or less specific as to structural and methodical features. It is to be 
understood, however, that the invention is not limited to the specific features shown 
and described, since the means herein disclosed comprise preferred forms of 
putting the invention into effect. The invention is, therefore, claimed in any of its 
forms or modifications within the proper scope of the appended claims appropriately 
interpreted in accordance with the doctrine of equivalents. 
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